COMPUTER INPUT DEVICE WITH INDIVIDUALLY POSITIONABLE AND 

PROGRAMMABLE SWITCHES 

Field of the Invention 

5 

The present invention relates to computer input devices. In 
particular, the present invention relates to an improved computer 
input device design that includes individually positionable and 
programmable switches. Also, the present invention relates to a 
10 system that includes the input device and to a method of 
programming a computer input device. 

Background of the Invention 

15 Traditional computer keyboard designs provide skilled 

typists with an effective instrument for data entry. For even a 
moderately trained user, the standard keyboard offers an adequate 
means to produce text or numerical data quickly and efficiently. 
However, the typical "QWERTY" style keyboard borrows much of its 

2 0 layout from the mechanical typewriters and adding machines that 
were originally invented at the end of the 19 th century. 

Practical computer use demands much more than the simple 
data entry tasks that these legacy layouts were created to 
25 perform. Many computer applications, including games, word 

processors, spread sheets, data bases, graphics programs, and 
computer aided design (CAD) applications, commonly rely on 
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keyboard input to receive control instructions, initiate macros, 
or execute specific commands. Current keyboard layouts are not 
well suited to handle many of these functions easily, 
comfortably, or efficiently. Increasingly, these antiquated 
5 layouts are impelled to accommodate many more modern uses, 

exposing the inherent limitations of standard keyboard designs. 

A good example of the shortcomings of standard computer 
keyboards is demonstrated by computer games. Many computer game 

10 players rely on a traditional computer keyboard as a primary 

input device. A typical game will assign one or more different 
keys on the standard keyboard to a corresponding action within 
the game. As computer games have become more involved and 
complex, more keys on the keyboard are required to control these 

15 virtual actions. This system often leaves game players using 

inconvenient or awkward key layouts that are not comfortable or 
effective. Furthermore, the often repetitive nature of key input 
required by video games amplifies the discomfort and awkward 
movements experienced from using key layouts not specifically 

2 0 adjusted for the unique hand anatomy of an individual game 
player . 

Another failure of traditional keyboards stems from the 
inherent inability of the user to reposition individual key 
25 switches in a layout that reflects the associated key function. 
This shortcoming can also appear in video game controllers, 
particularly with children. Known available input devices, 
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whether keyboards, game controllers, or others, offer very little 
alternatives to either the functional or physical layout of the 
input devices . 

5 Programmable function keys are well known in the art. 

However, in general, once the overall location of keys is 
determined by a keyboard manufacturer, the user cannot easily 
change or modify the physical layout of a keyboard or game 
controller. Typically, the user must adapt to and memorize the 

10 locations of the keys in relation to their corresponding 

functions for each application. Often, the physical location of 
a key does not, in any way, indicate or allude to its underlying 
function. For example, a common action in computer graphics 
programs is to align two or more on-screen shapes. Typically, 

15 there is more than one geometrical way to align these shapes, 

including by their top, middle, bottom, left, center, or right, 
as well as by combinations of these, such as aligning the shapes 
by their top-left corners. Although it is possible to use 
traditional programmable function keys to perform these actions, 

20 it is generally not possible to reposition the keys in a way that 
intuitively reflects their particular function. 

Summary of the Invention 

25 Th e present invention provides a configurable computer input 

device. The device includes at least one switch removably 
attachable to a surface and in communication with a processor. 
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At least one function is assignable to activation of the switch. 

The at least one switch may be repositioned at distances smaller 
than a length or width of the at least one switch. The device 
also includes circuitry in communication with the at least one 
* - 5 switch for assigning at least one function to activation of the 
switch. Circuitry communicates the at least one function to a 
host computer. The device additionally includes circuitry for 
determining the actuation status of the at least one switch and 
communicating the actuation status to the processor. 

10 

Also, the present invention concerns a configurable computer 
input device. The device includes at least one switch removably 
attachable to a receiving surface. The at least one receiving 
surface receives the at least one switch at a plurality of 

15 positions. A distance separating any two positions may be 

smaller than a length or a width of the at least one switch. A 
memory stores data comprising a mapping of at least one 
electronic, alphanumeric, or keyboard function to the at least 
one switch when the at least one switch is removably attached to 

20 a position of the receiving surface. The device also includes 

circuitry for scanning the at least one switch when the at least 
one switch is removably attached to a position of the receiving 
surface and for determining the actuation status of the at least 
one switch. A controller is responsive to the circuitry for 

25 scanning and for consulting the memory to obtain the at least one 
function mapped to the at least one switch upon actuation of the 
at least one switch. Circuitry transfers the at least one 
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function obtained by the controller to a host computer with which 
the device communicates. 



Additionally, the present invention relates a computer 
5 system that includes a configurable computer input device. The 
input device includes at least one switch removably attachable to 
a surface and in communication with a processor. The surface 
includes at least one matrix of receptacles that the at least one 
switch is removably attachable to at a plurality of positions. 

10 The at least one switch may be repositioned on the matrix of 

receptacles at distances smaller than a length or width of the at 
least one switch. At least one function including at least one 
electronic, alphanumeric or keyboard function is assignable to 
activation of the switch. Circuitry communicates with the at 

15 least one switch for assigning at least one function to 

activation of the switch. Circuitry communicates the at least 
one function to a host computer. A memory stores data including 
a mapping of the position of the at least one switch in the at 
least one matrix of receptacles and the at least one function 

20 assigned to the at least one switch. Circuitry determines the 

actuation status of the at least one switch and communicates the 
actuation status to the processor. A host computer includes a 
microcomputer or a video game computer. 

2 5 Furthermore, the present invention concerns a method for 

generating input to a computer. A configurable computer input 
device is provided including at least one switch removably 



5 



attachable to a surface and in communication with a processor. 
At least one function is assignable to activation of the switch. 
The at least one switch may be repositioned on the surface at 
distances smaller than a length or width of the at least one 
. 5 switch. Circuitry communicates with the at least one switch for 
assigning at least one function to activation of the switch. 
Circuitry communicates the at least one function to a host 
computer. Circuitry determines the actuation status of the at 
least one switch and communicating the actuation status to the 
10 processor. At least one input is provided from an existing 

computer input device. At least one input is received from the 
existing computer input device. The at least one input from the 
existing computer input device is assigned to the at least one 
switch. 

15 

Still other objects and advantages of the present invention 
will become readily apparent by those skilled in the art from the 
following detailed description, wherein it is shown and described 
only the preferred embodiments of the invention, simply by way of 

2 0 illustration of the best mode contemplated of carrying out the 
invention. As will be realized, the invention is capable of 
other and different embodiments, and its several details are 
capable of modifications in various obvious respects, without 
departing from the invention. Accordingly, the drawings and 

25 description are to be regarded as illustrative in nature and not 
as restrictive. 
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Brief Description of the Drawings 



The objects and advantages of the present invention will be 
more clearly understood when considered in conjunction with the 
5 accompanying drawings, in which: 

Fig. 1 represents a perspective view of an embodiment of a 
programmable computer input device according to the present 
invention; 

10 

Fig. 2 represents a rear view illustrating connection and 
control locations that may be included in the embodiment of the 
invention shown in Fig. 1; 

15 Fig. 3 represents an embodiment of a system according to the 

present invention; 

Fig. 4 represents a block diagram that illustrates 
functional components that may be included in an embodiment of a 
2 0 programmable computer input device according to the present 
invention; 

Fig. 5 represents an overhead view of an embodiment of an 
attachment surface according to the present invention that 
25 includes a matrix of connections; 
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Fig. 6 represent a close-up view of a portion of the 
embodiment of the attachment surface illustrated in Fig. 5, 
showing an embodiment of electrical connections that may be 
included in a matrix of connections; 

5 

Fig. 7 represents a table showing an embodiment of a 
distribution of matrix scanner row and column connections for a 
set of matrix pads accord according to the present invention; 

10 Fig. 8A represents an exploded side view of an embodiment of 

key switch module components according to the present invention; 

Fig. 8B represents a side view of an embodiment of an 
assembled key switch module according to the present invention; 

15 

Fig. 8C represents an exploded top view of an embodiment of 
key switch module components according to the present invention; 

Fig. 9 represents a top view of three key switch modules 
20 according to an embodiment of the present invention in relation 
to an embodiment of an attachment surface that includes a matrix 
of receptacles, illustrating some different ways individual key 
switch modules may be positioned into the matrix; 

25 Fig. 10 represents a block diagram illustrating an example 

of input and output details of an embodiment of a microcontroller 
development board that may be utilized according to the present 

8 



invention; 

Fig. 11 represents an electrical schematic diagram 
illustrating an embodiment of input/output (I/O) circuits for an 
* - 5 embodiment of a liquid crystal display and for an embodiment of a 
mode selection and button control circuit according to the 
present invention; 

Fig. 12 represents an electrical schematic diagram showing 
10 an embodiment of I/O circuits among a host computer, a matrix 

scanner, a standard keyboard, and a microcontroller; and a system 
reset circuit according to the present invention; 

Fig. 13 represents a block diagram illustrating an 
15 embodiment of a data memory usage map according to the present 
invention; 

Fig. 14 represents a block diagram illustrating an 
embodiment of a code memory usage map according to the present 
2 0 invention; 

Fig. 15 represents a flowchart outlining an embodiment of a 
program startup process according to the present invention; 

25 Fig. 16 represents a flowchart outlining an embodiment of 

program interrupt service routines according to the present 
invention; 
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Fig. 17 represents a flowchart outlining an embodiment of a 
program run mode routine according to the present invention; 

5 Fig. 18 represents a flowchart outlining an embodiment of a 

program key mode routine according to the present invention; 

Fig. 19 represents a flowchart outlining an embodiment of a 
program macro mode routine according to the present invention; 

10 

Fig. 20A represents a close-up top view a portion of an 
input device according to the present invention, illustrating an 
embodiment of a display, three control buttons, and a mode 
selection switch as they could appear during a run mode according 
15 to the present invention; 

Fig. 20B represents a close-up top view of the portion of an 
input device shown in Fig. 2 OA, illustrating an embodiment of a 
display, three control buttons, and a mode selection switch as 
2 0 they could appear during a key mode according to the present 
invention; 

Fig. 20B represents a close-up top view of the portion of an 
input device shown in Fig. 2 OA, illustrating an embodiment of a 
25 display, three control buttons, and a mode selection switch as 
they could appear during a macro mode according to the present 
invention; 
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Fig. 20D represents a close-up top view of the portion of an 
input device shown in Fig. 2 OA, illustrating an embodiment of a 
display, three control buttons, and a mode selection switch as 
5 they could appear during a clear label mode according to the 
present invention; 

Fig. 21 represents a perspective view of an embodiment of 
the present invention that includes a non- contiguous , curved, 
10 two-handed attachment surface that includes a matrix of 

receptacles arranged in two separate regions according to the 
present invention; 

Fig. 22 represents a top view of another embodiment of the 
15 present invention that includes a matrix of receptacles including 
input function posts and external connection wires; 

Fig. 23 represents a top view of an embodiment of the 
present invention including matrix of receptacles housed in an 
2 0 embodiment of a keyboard housing according to the present 
invention; 

Fig. 24 represents a top view of an embodiment of the 
present invention including a matrix of receptacles housed in an 
25 embodiment of a game controller according to the present 
invention; 
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Fig. 25 represents a schematic drawing of an embodiment of a 
device bypass circuit that permits keyboard traffic to pass to a 
host computer when an input device according to the present 
invention has power turned off or is not connected to a power 
5 supply; 

Fig. 26 represents a perspective view of an embodiment of an 
input device according to the present invention that includes an 
embodiment of an overlay card mounted on the device; and 

10 

Fig. 27 represents a perspective view of an embodiment of a 
system according to the present invention that includes wireless 
communication between elements of the system. 

15 Detailed Description of the Invention 

The present invention provides a physically configurable and 
programmable and reprogrammable computer input device. As such, 
the present invention provides advantages that are unknown in 

2 0 computer input devices. Along these lines, traditional computer 
keyboards provide rigid, static, standardized, and generally 
inflexible devices. Known keyboards demand that users adapt to a 
single particular configuration or a limited number of specific 
alternate configurations. The same may be said of other computer 

25 input devices, such as game controllers, mice trackballs, and 
others . 

12 



The present invention overcomes these and other shortcomings 
of known computer input devices. Along these lines, the present 
invention has a number of objects and advantages. Every 
embodiment of the present invention need not exhibit each 
5 advantage or object. For that matter, is not necessary that an 
embodiment exhibit any of the object or advantage discussed below. 

One advantage of the present invention it that it provides a 
computer input device that permits a user to specify the location 

10 of individual key switches and to change quickly and easily the 

location when desired. Another advantage of the present invention 
is Lhat it provides a computer input device that permits fine 
adjustment of individual key switch locations, such that changes 
in location can be made that are smaller than the width or height 

15 of key switch. Along these lines, the keys, buttons, or other 

actuated members of a devices according to the present invention 
may be moved in non-whole number multiples of dimensions of the 
actuated members. The actuated members may also be located 
relative to each other at other than whole number multiples of 

2 0 dimensions of the actuated members. 

Additionally, advantages of a computer input device according 
to the present invention can include that the device can provide 
for assignment or reassignment of each individual key switch 
25 function without affecting the assigned function of other key 

switches. Furthermore, a computer input device according to the 
present invention can permit a user to program any individual key 
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switch to emulate at least one actuation of a key of a keyboard, 
including a macro of multiple key actuations. Input from other 
input devices other than a keyboard may also or alternatively be 
included in the functions of a key switch according to the present 
invention. Along these lines, an input device according to the 
present invention can provide a computer input device that allows 
users to program and store the function of separate key data sets 
and to allow the users to choose among these data sets, so that 
the users may employ the same or different key layouts with 
separate computer applications. Again, input from other input 
devices may alternatively or additionally be included in the data 
sets . 

Still further, advantages of an input device according to the 
present invention can include providing a computer input device 
that does not require special software or device drivers to be 
installed on the host computer with which it is used. Also, the 
present invention can provide a computer input device that may 
operate in conjunction with a standard computer keyboard or other 
standard input devices, such that a user may continue to use these 
standard devices in a normal manner. 

While there has been some attempt in the prior art to produce 
more dynamic keyboard layouts, such attempts fall far short of the 
input device according to the present invention. Along these 
lines, entire blocks of keys are exchanged for other blocks or 
with other devices, such as a trackball. Such devices do not 
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permit rearrangement of the location or function of individual 
keys within the functional blocks of keys. 

Other solutions have included keyboards in which one modular 
- 5 key may be exchanged with another. This replaceable key module 
design facilitates the exchange of a broken key with an 
operational one. However, the overall layout of the keys within 
the keyboard, and their relative positions, remains fixed. Each 
key position is predetermined by the manufacturer of the keyboard 
10 and there is a one-to-one relationship between each key module and 
its corresponding panel opening. In other words, relocation of 
the keys is not permitted. 

Even devices that permit altering the function of a keyboard 
15 key include fixed key switches mounted in a keyboard matrix 
arrangement and do not permit the physical relocation or 
programmability of the input device according to the present 
invention. Along these lines, the design may require including a 
key switch at every potential location, thereby increasing the 
2 0 manufacturing complexity and cost of the keyboard. Also, the 
position of each key is limited to immovable switch positions 
determined by the manufacturer. When positioning individual key 
caps, the user merely has the option either to use a particular 
fixed switch, or to leave it empty. Such designs do not easily 
25 support fine adjustments to key position, characterized by changes 
smaller in scale than the width or height of a single key cap. 

15 



In a broad sense, the present invention includes a 
configurable computer input device. The device includes at least 
one switch removably attachable to a surface. The switch may be 
housed in a structure in the form of a key of a keyboard. 
5 Alternatively, the switch could be housed in a structure such as 
a button from a game controller. Such a button could have the 
shape of any game controller button. In reality, a switch 
according to the present invention could be housed in any 
structure. Along these lines, other forms that a switch may have 

10 include a button switch, a swiveling key-cap top, a tilting key- 
cap top, a swiveling and tilting key- cap top, and keyboard keys 
having non-standard shapes and sizes, such as in the shape of an 
arrow. Key cap labeling may also be utilized, applied directly 
to a key or inserted into a label sleeve on a key cap. Any other 

15 form may also be utilized. 

A switch according to the present invention may be removably 
attached to a surface, referred to below as the attachment 
surface. The attachment surface can include any surface. For 

20 example, the present invention could include a switch, attached 

to virtually any surface. Examples of a surface include at least 
one of a mouse, a monitor, a keyboard, a desk, a work surface, a 
keyboard tray, a switch tray, a switch platform, a chair, a 
computer, a printer, and/or any other surface. Such a switch 

2 5 could be in wired or wireless communication with a processor 
and/or other circuitry. 
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A wireless key switch would not need to be plugged in to a 
typical matrix. Along these lines, wireless key switch modules 
use known broadcast techniques, such as radio- frequency or infra- 
red transmission, to indicate their activation status to a 
5 receiving unit. By including an attachable backing, such as an 
adhesive, suction, or magnetic surface, the wireless key switch 
modules allow the user to removably position individual keys in 
many useful and novel locations such as those described above. 
Any wired communication described herein could also be replaced 
10 with wireless communication means. 

Other attachment surfaces may also be included in an input 
device according to the present invention. Along these lines, 
the attachment surface can include a matrix of receptacles. The 

15 matrix of receptacles may have a variety of shapes and sizes and 
may be housed in a variety of housings. For example, the matrix 
of receptacles may have a shape and be provided in a housing such 
as that illustrated in Fig. 1. Alternatively, the matrix of 
receptacles could have a size and be housed in a housing such as 

2 0 that illustrated in Fig. 23, where the matrix of receptacles has 
a size that permits it to be housed with a standard keyboard. 
The matrix of receptacles could also have a shape and size that 
permits it to be used with a video/computer game controller such 
as the embodiment illustrated in Fig. 24. 

25 

The present invention may be partially or fully incorporated 
into another computer input device. According to one embodiment, 
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the device is incorporated with a standard keyboard, as shown in 
Fig. 23. As shown in Fig. 23, the matrix 42 may be included in 
the same housing as the standard key layout. Advantages of such 
an embodiment include the ability to use a single matrix scanner 
for both the standard keys and the added matrix locations. The 
combined design may also eliminate the need for external pass- 
through connections since the device may connect to the host 
computer 70 in the same manner as a standard keyboard. 

In a further modification of this embodiment, one or more 
matrix pads 106 may share the row/column designation of keys on 
the standard keyboard 72. The functions of the matrix 42 
positions may be assigned by the host computer, as described 
above, or an indicator could be used to differentiate signals 
sent by the matrix 42 from signals sent by the standard keyboard 
72 keys. 

As is apparent from the above discussion, the matrix of 
receptacles may be contiguous or non- contiguous . The matrix of 
receptacles may be planar. Alternatively or additionally, at 
least a portion of the matrix of receptacles may be non-planar. 

Regardless of the shape and size of the matrix of 
receptacles, the matrix may receive pins extending from at least 
one switch. The pins may be attached to and electrically 
connected to the at least one switch. Significantly, as 
described in greater detail below, the receptacles and pins can 
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permit the switches to be positioned at intervals smaller than 
the dimensions of the structures that house the switches. Along 
these lines, housing of the switches may be repositioned at 
distances other than whole number multiples of the dimensions of 
. 5 the switches. Typically, the dimensions of the housing of the 
switches are referred to herein as the dimensions of the 
switches . 

Furthermore, if an input device according to the present 
10 invention includes more than one switch, the switches may be 
arranged on the matrix of receptacles such that they are not 
aligned. However, switches may be aligned if desired. In some 
embodiments, some switches may be aligned while others are not. 
This is one of the great advantages of the present invention; the 
15 switches may be arranged as desired by a user. 

At least one function is assignable and/or reassignable to 
activation of the at least one switch included in an input device 
according to the present invention. The at least one function 

2 0 can include at least one input provided to a computer. Along 
these lines, the at least one function can include any 
electronic, alphanumeric, or keyboard function. Along these 
lines, the at least one function can include at least one 
function including movement of a joystick, actuation of a mouse 

2 5 button, actuation of a button or other member on a game 

controller, and/or actuation of a keyboard key. The at least one 
function could also include any other input from any other 
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computer input device. 

With respect to use of the present invention with other 
computer input devices including joysticks and game controllers, 
5 Fig. 24 illustrates an example of another input device that the 
present invention may be utilized with. Many common game 
controllers, including those made by Sega, Nintendo, Sony, and 
Atari, provide fixed switch positions that frequently are not 
comfortable to use, especially for children who typically have 
10 smaller hands than adults. Providing a matrix 42 with various 
game controller switches 212, and using the standard game 
controller interfaces, the present invention can allow a user to 
define their own game controller layout. This design may be 
utilized with analog and digital controller input functions. 

15 

Not only can the function include any one or more of the 
above functions, it can also include timing, cadence, -and 
sequence of functions. Along these lines, function could include 
how hard a keyboard key is struck, the length of time the key is 

2 0 depressed, and the timing to the next stroke. This type of timed 
macro could reproduce both a key sequence and timing between key 
presses. Such a macro could be useful for game applications 
where key input timing is important. The direction that a 
joystick is moved and other variables could also be represented 

2 5 by the at least one function. In a computer game scenario, 

pushing one button on a device according to the present invention 
could result in a spaceship turning with a certain speed while 
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moving in a certain direction and firing a certain gun with a 
selected rapidity, among other functions. A device according to 
the present invention could be modified to operate for chord key 
input. In such a configuration, input functions may be 
5 programmed to simultaneous combinations of key presses and/or 
other inputs instead of just single key presses or other input. 
As apparent from the above discussion, the possibilities for 
functions of the present invention are endless. 

10 A configurable computer input device according to the 

present invention also includes circuitry in communication with 
the at least one switch for assigning at least one function to 
activation of the switch. The at least one function is discussed 
above in greater detail. The nature of the circuitry is 

15 discussed below in greater detail. Although, as discussed above, 
the communication between the function assigning circuitry and 
the at least one switch may be wired or wireless. 

Additionally, an input device according to the present 
2 0 invention may include circuitry for communicating the at least 
one function to a host computer. As with the communication 
between the function assigning circuitry and the at least one 
switch, the communication between the host computer and the 
circuitry for communication the at least one function to the host 
25 computer may be wired or wireless. While a "host computer" is 
referred to herein, it is not necessary that the host computer 
actually be a traditional microcomputer. The host computer could 
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be a video game console, or any other device. 



In addition to the above circuitry, an input device 
according to the present invention may also include circuitry for 
determining the actuation status of the at least one switch and 
communicating the actuation status to a processor. As with the 
communication between the function assigning circuitry and the at 
least one switch, the communication between the processor and the 
circuitry for communicating the actuation status of the at least 
one switch to the processor may be wired or wireless. The 
actuation status determining circuitry may scan the at least one 
switch to determine the status of the switch. Functioning of 
this and other circuitry is discussed below in greater detail. 

An input device may also include memory for data storage. 
The data can include a mapping of the position of the at least 
one switch in the at least one matrix of receptacles and the at 
least one function assigned to the at least one switch. An input 
device according to the present invention where the attachment 
surface includes a matrix of receptacles typically includes a 
memory. The mapping of functions may also reside in the memory 
of the host computer. 

To facilitate control of operation of an input device 
according to the present invention may include a controller. 
Among the functions that a controller may carry out are receiving 
the actuation status of the at least one switch, determining the 



function assigned to activation of the switch, and transmitting 
the at least one function to the circuitry for communicating the 
at least one function to the host computer. A controller may 
also carry out any other desired function. 

5 

In determining the function assigned or mapped to the at 
least one switch, the controller may consult a memory such as the 
memory described above. The controller may then transfer the 
function to the circuitry for communicating the function to the 
10 host computer. 



A significant advantage of an input device according to the 
present invention is that the at least one switch of the input 
device may be operated nearly simultaneously with other input 

15 devices, such as keyboards, mice, and trackballs, in 

communication with the host computer. Many computer input 
devices do not operate in such a manner. Rather, generating 
input on an existing computer input device prevents the 
possibility of generating input on another input device. The 

20 computer will not receive the additional input. 



The present invention also includes a method for generating 
input to a computer. The method includes providing at least one 
input from a computer input device other than the input device of 
2 5 the present invention. As described above, examples of such 
input devices include keyboards, mice, joysticks, and game 
controllers, among others. The at least one input is recorded. 
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Then, the at least one input is assigned to the at least one 
switch of an input device according to the present invention, 
wherein actuation of the at least one switch results in the at 
least one input. The at least one switch is then actuated, 
providing the at least one input to the computer. 

As described above, an input device according to the present 
invention permits keys, or switches more generically, to be 
arranged in any desired arrangement. In many cases, the 
arrangement of keys on a keyboard, game controller, or other 
input device is not the most desirable for a particular user 
and/or carrying out a particular function. One example of a 
desired function-key layout for aligning geometrical shapes in a 
graphics program is shown as follows: 



Top-Left 


Top 


Top-Right 




Center 




Left 


Center-Middle 


Right 




Middle 




Bottom-Left 


Bottom 


Bottom-Right 



The positioning shown above is unavailable with the traditional 
function key group that is fixed across the top or to the left of 
a standard alphanumeric keypad. 
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The present invention solves the above and other problems by 
providing a computer input device that permits a user to position 
individual key switches in a custom manner and to program the 
individual function of those key switches. The key switch layout 
and function can be changed easily to suit the needs of the user. 

Typically, the invention uses standard interface protocols, 
thereby eliminating the need to employ special device driver (s) 
or interpretation software on a host computer. Furthermore, the 
present invention permits standard input devices, such as 
keyboards, to be used concurrently and without noticeable 
interference. 

The present invention will now be explained in greater 
detail with respect to one particular embodiment and some 
alternate embodiments. These embodiments and the discussion are 
illustrative of the present invention and should by no means be 
interpreted as the only embodiments. The principles described 
below can apply to other embodiments. Also, alternative means 
for accomplishing structures and functions described below are 
possible. Those of ordinary skill in the art would be able to 
make substitutions and/or deletions without undue 
experimentation. 

Fig. 1 offers a perspective view of one embodiment of the 
present invention. The embodiment illustrated in Fig. 1 includes 
a housing 40. This embodiment includes an attachment surface 
that includes a matrix of receptacles. 



The matrix of receptacles is contained within the housing. 
Along these lines, the matrix of receptacles in the embodiment 
shown in Fig. 1 is arranged at top of the housing 40. This 
5 embodiment of the matrix of receptacles includes five solderless 
breadboard terminal strips, or terminal strips 44. Such strips 
are available from Digi-Key Corporation of Thief River Falls, MN, 
among other sources. 



10 The terminal strips 44 may be connected to the housing 40 in 

a rectangular block, to form the matrix of receptacles or key- 
switch plug- in matrix, or matrix 42. The matrix 42 provides a 
plug-in surface to receive a plurality of modular positionable 
key switch assemblies, or key switch modules 46. A user may 

15 reposition the key switch modules 46 within the matrix 42. The 
terminal strips 44 described here are modified for their use in 
the present invention. One example of a detailed description of 
the matrix design and construction is provided below. 



20 To facilitate use of the present invention, an overlay card 

218 may be used to indicate the programmed functions of the key 
switch modules 46. Fig. 26 illustrates an embodiment of an 
overlay card. The overlay card 218 may include well-known 
functional indicators such as symbols 220, functional labels 222, 

25 and configuration identification labels 224. Separate overlay 

cards 218 may be applied for different data set configurations of 
the device. An overlay card could be utilized with any 
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embodiment of the present invention. For example, an overlay 
card could be utilized with a game controller or the embodiment 
illustrated in Fig. 23, or any other embodiment. 



5 The present invention may also include a display. The 

display can assist in the operation of the device. Along these 
lines, the display can provide a readout of keystrokes that 
comprise a function assigned to actuation of a switch of the 
input device. 

10 

In the embodiment illustrated in Fig. 1, the display is 
arranged in the housing 40 along with the matrix 42. This 
embodiment of a display includes a liquid crystal display, or LCD 
48. Any other display may also be utilized, if the device 
15 includes a display. The embodiment of the display 48 shown in 
Fig. 1 displays device status and programming information to the 
user. The display may also display other function (s) . 

As described above, the present invention also includes a 
20 method for generating input to a host computer. For controlling 
the operation of an input device, including programming and 
subsequent provision of input to a host computer, an input device 
according to the present invention may include at least one 
control element. The at least one control element can determine 
25 whether the input device is "learning" the at least one function 
that is to be assigned to the at least one switch, operating to 
permit actuation of the at least one switch to carry out the at 
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least one function, or perform other function(s). 



The embodiment shown in Fig. 1 includes a plurality of 
controls. Along these lines, the embodiment shown in Fig. 1 
5 includes a left selection button, or left button 50; a right 
selection button, or right button 52; a label button 54; and a 
rotary mode selection switch, or mode switch 56. The left button 
50 and right button 52 can permit a user to select a data set of 
the device. 

10 

The present invention may also include a label button 54, 
which allows the user to input the displayed name of the selected 
device data set. A mode switch may be included to permit a user 
to choose an operation mode of the device. Possible operational 

15 modes can include programming modes and operational modes. One 
program mode permits programming a single key to a switch 
position. Another programming mode could permit programming a 
macro, or plurality of functions, to a switch position. Another 
example of a mode includes a run or functional mode, wherein 

20 actuation of the at least one switch results in the desired input 
to a host computer. 

The housing 4 0 may also include a wrist rest 58 to make 
using the device more comfortable. 

25 

Fig. 2 illustrates a rear view of the embodiment shown in 
Fig. 1. As illustrated in Fig. 2, an input device according to 
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the present invention may include at least one connector for 
making wired connections between a device according to the 
invention and a host computer or other device. Whether or not an 
input device according to the present invention includes a 
5 connector, the connections between the device and a host computer 
or other device may be wireless. 

The embodiment shown in Fig. 2 includes a plurality of 
connectors. These connectors include a power connector 62, a 

10 host computer connector or host connector 64, and a keyboard 

connector 66. The power connector 62 in the embodiment shown in 
Fig. 2 is a male center-post connector designed to receive a 5- 
Volt, 0.8 Amp, direct -current power source to power the device. 
Although with certain design changes it is possible to use power 

15 provided directly by the host computer, as with most standard 
keyboards, an external power source is included in this 
embodiment to provide a more generous power budget . 

Additional operational controls may also be included on the 
20 rear of a device according to the present invention. Along these 
lines, as shown in Fig. 2, a device according to the present 
invention may include a clear data set or clear button 68 that 
permits a user to erase all programmed switch positions within a 
selected data set. The device may also include a power switch 
25 60. The power switch 60 may be used to apply or remove 

electrical power to the device, turning the device on or off. It 
is not necessary that such operational controls are located on 
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the rear of the device; they could be provided on any other 
surface. The controls could also take different forms, such as 
touch pads . 



5 It is not even necessary that the device include such 

controls. Along these lines, clearing a function could take 
place automatically when a new function is entered. Also, if the 
device were powered directly by a host computer, in a manner 
similar to a standard computer keyboard, then the power switch 
10 would be superfluous. 

To permit a device to be in wired connection with a host 
computer, keyboard, and/or other device (s) , the device according 
to the present invention could include at least one connector. 

15 Along these lines, the rear of the device may include such 

connectors. For example, the embodiment shown in Fig. 2 includes 
a connector 64 for connecting the device to a host computer and 
connector 66 for connecting a keyboard to the device. The device 
according to the present invention may include more or less 

2 0 connectors. 

Any type of connectors may be utilized according to the 
present invention. For example, host connector 64 and keyboard 
connector 66 may be PS/2 style female connectors. Such 
25 connectors are typically known in the art as six-position 

miniature-DIN connectors. One source of such connectors is 
Digi-Key . 
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In the embodiment of the present invention shown in Fig. 3, 
the device is connected between a host computer 70 and a standard 
keyboard 72. A typical keyboard connection cable 74, which 
5 usually connects directly to a PS/2 keyboard port (not shown) of 
the host computer 70, instead connects to the keyboard connector 
66 of the device according to the present invention. A host 
connection cable 76 links the device from the host connector 64 
to the keyboard port of the host computer 70. As described in 

10 this basic embodiment, the device can act as a wedge between the 
standard keyboard 72 and the host computer 70. The device can 
relay both the data signals generated by the attached standard 
keyboard 72 and its own data signals directly to the keyboard 
port of the host computer 70. However, other arrangements and 

15 data transmission paths are also possible. 

The device according to the present invention can be 
compatible with computers and keyboards operating under the 
widely used PS/2, or PC AT, standard keyboard communication 

20 protocol, originally defined by International Business Machines 

Corporation of Armonk, NY. However, one of ordinary skill in the 
art could modify the present invention without undue 
experimentation to use any other standard or custom keyboard 
communication protocol. Examples of other protocols include IBM 

25 PC XT standard, Apple Desktop Bus keyboard interface, ASCII 
parallel keyboard interface, standard serial port keyboard 
interface, and Universal Serial Bus (USB) keyboard interface. 



31 



The block diagram in Fig. 4 shows one possible relationship 
among major functional components of an embodiment of a system 
according to the present invention. This embodiment includes an 
5 attachment surface that includes a matrix of receptacles 

described above. The matrix, such as matrix 42 shown in Fig. 1, 
may be scanned by a matrix scanner 78 to determine the location 
of any pressed key switch modules 46. The matrix scanner 
represents an example of an embodiment of circuitry for 
10 determining the actuation status of the at least one switch. 

The position of any activated key switch modules 46 detected 
by the matrix scanner 78 may be sent to a microcontroller 
development board, or microcontroller 80 through an input/output 

15 circuit A 82. Data may be transferred between the standard 

keyboard 72 and the microcontroller 80 through an input/output 
circuit B 84. Also, data may be transferred between the host 
computer 70 and the microcontroller 80 through an input/output 
circuit C 86. A memory 88 may be divided into a code space and a 

2 0 data space to provide for both the control software and storage 
requirements of the microcontroller 80. 

An LCD circuit 90 can permit information from the 
microcontroller 80 to be displayed on a display, which in this 
25 case is an LCD 48 shown in Fig. 1. A mode selection and button 
control circuit 92, which includes the left button 50, the right 
button 52, the label button 54, the mode switch 56, and the clear 
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button 68, provides means for the user to input commands to the 
microcontroller 80. Finally, a system-reset circuit 94 provides 
means to initialize the device status. 

5 Fig. 5 provides a more detailed image of the matrix of 

receptacles 42 illustrated in Fig. 1. As stated earlier, the 
matrix 42 may include five vertical terminal strips 44 arranged 
in a rectangular block. Each terminal strip 44 may be separated 
from an adjacent strip with a spacer 104. Solderless terminal 
10 strips are well known in the art. Such strips are customarily 
used for the design, construction, and testing of prototype 
electrical circuits by providing a means to connect electrical 
component: s temporarily. 

i5 Integrated-circuit pins, wires, or other electrical 

components connected to the at least one switch may be inserted 
into a connection hole of a terminal strip. A metallic spring 
clip at the base of the hole can be provided to form both an 
electrical and a mechanical connection to the component (s) 

2 0 through contact friction. A standard, unmodified terminal strip 
typically includes sixty-four rows of ten solderless connection 
tie points, or tie points, 96 split evenly into two columns by a 
central divider 98. 

25 The terminal strips 44 that may be included in a device 

according to the present invention can be modified to include 
framing rows 100. The framing rows 100 may be formed by 
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inserting tie-point plugs 102 into the tie points 96 of every 
eighth row of the matrix 42. The tie-point plugs 102 may be 
utilized to inhibit use of tie points 96 in a framing row 100 
when selecting a position for a key switch module 46 in the 
matrix 42. The tie point plugs 102 may be manufactured by 
cutting the round, flat ends of common steel fabric pins to a 
length such that they may be inserted into the tie points 96 of 
framing rows 100, effectively blocking their use. The tie-point 
plugs 102 typically lie flush with the surface of the matrix 42. 

As shown in Fig. 5, framing rows 100, central dividers 98, 
spacers 104, and edges of the matrix 42 may combine to form an 
array of matrix pads, or pads, 106. Each pad 106 may include a 
grid of thirty- five tie-points 96 arranged in seven rows and five 
columns. The pads 106 may be the useable portions of the matrix 
42 into which the key switch modules 46 may be inserted. 

Many different matrix designs may be substituted for the 
matrix 42 shown in Fig. 5. One embodiment may utilize a matrix 
42 that maps each tie-point 96 separately to a matrix scanner 78, 
eliminating the pads 106, and a corresponding need for framing 
rows 100, spacers 104, and central dividers 98 described in the 
basic embodiment. This embodiment provides a slightly greater 
freedom in key switch module 4 6 placement, at the expense of an 
increase in the number of tie points 96 monitored. 

According to another embodiment, the matrix 42 design may be 



modified from the planar, rectilinear structure described in the 
basic embodiment. The matrix 42 design may incorporate any- 
reasonable morphology or topology. Furthermore, the matrix 42 
design does not need to be contiguous. 

* 5 

Along these lines, two or more separate regions of the 
matrix may be used to supply convenient areas where key switch 
modules may be inserted and monitored. For example, Fig. 21 
illustrates a "two-handed" matrix 42 design with separate matrix 
10 regions 206A and 206B, one for a left hand and one for a right 
hand. The matrix regions 206A, 206B have curved surfaces to 
provide the user with a wide choice in selecting comfortable hand 
positions. Key switch modules 46 may be positioned anywhere 
within these regions. 

15 

Fig. 6 represents a close-up view of a portion of .the matrix 
of receptacles circled in Fig. 5. As shown in Fig. 6, the 
terminal strips 44 may be modified such that alternating rows 
within the pad 106 are connected electrically. A matrix scanner 

2 0 row data line, or row line, 108 may connect the first, third, 

fifth, and seventh rows of tie points 96 within the pad 106. A 
matrix scanner column data line, or column line, 110 may connect 
the second, fourth, and sixth rows of tie points 96 within the 
pad 106. Neither the row line 108 nor the column line 110 are 

25 typically visible from the top of the matrix pad. The line 

schematics added to Fig. 6 are for illustrative purposes. The 
electrical connections for the row line 108 and the column line 
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110 to the tie points 96 may be created by first removing the 
adhesive backing from the bottom of the terminal strips 44 to 
expose the back of the embedded metallic spring clips. Jumper 
wires may then be soldered directly to the tie-point spring 
5 clips, electrically joining the alternating rows as shown in Fig. 
6. Of course, any other means that provides the desired 
connections may also be utilized. 

The row line 108 from each pad 106 may be connected to a row 
10 input of the matrix scanner 78. The column line 110 from each 
pad 106 may be connected to a column input of matrix scanner 78. 

The matrix scanner 7 8 used for this embodiment may be a keyboard 
controller circuit. Such a circuit could be obtained from an 
existing keyboard. One example of such a keyboard is a Chiconey 
15 Pro Keyboard, Part #70082, available from a retail outlet of 
CompUSA, Inc. of Dallas Texas. 

The matrix scanner 78, like many generic keyboard 
controllers, typically accepts row " and "column" inputs to 

2 0 identify a key press from a standard keyboard. Each key in a 
standard keyboard may be assigned both a row and a column. 
Pressing or actuating a key connects the assigned row and column 
lines, uniquely identifying the key. Although multiple keys may 
be assigned the same row line or the same column line, each key 

25 has a unique row-column combination. 

The matrix scanner 78 utilized in this embodiment of the 
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present invention contains eighteen column inputs, 0 through 17, 
and eight row inputs, 0 through 7. These input lines may be 
reassigned to scan the matrix 42 as shown in the table in Fig. 7. 
Each box in the table may correspond to the position of a pad 
5 106 in the matrix 42. 

The boxes in the table have four lines that describe an 
original key assignment 112, a hexadecimal byte code 114, a row 
input number 116, and a column input number 118. The original 

10 key assignment 112 lists the name of the standard key that 

originally was associated with the given combination of row input 
number 116 and column input number 118 prior to salvaging the 
matrix scanner 78 for this embodiment. The hexadecimal byte code 
114 lists the byte code generated by the matrix scanner 78 for 

15 the given combination of row input number 116 and column input 

number 118. As shown by the table, each pad 106 in the matrix 42 
has a unique row-column designation and, therefore, a unique 
hexadecimal byte code 114 representation from the matrix scanner 
78. This unique hexadecimal byte code 114 may be used by the 

20 microcontroller 80 to determine which pad 106 was activated by a 
key press from an inserted key switch module 46. 

Fig. 8A, Fig. 8B, and Fig. 8C show different views of an 
embodiment of a design of the key switch module 46 according to 
2 5 the present invention. Along these lines, Fig. 8A represents an 
exploded side view of the key switch module 46. Also, Fig. 83 
represents an assembled side view of the key switch module 46. 
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Additionally, Fig. 8C contains an exploded top view of the key 
switch module 46. The functional components can include a key 
cap 120, key cap tabs 122, a switch 124, a switch plunger 126, 
alignment pins 128, switch contact leads 130, wires 132, right 
angle headers 134, header pins 136; a base 138; a shroud 140, and 
a foot 142. It should be remembered that this represents only 
one embodiment of a switch and associated elements that may be 
included in an embodiment of the present invention. Those of 
ordinary skill in the art would understand how to make 
modifications or substitutions of various components of the 
switch shown in Figs. 8A, 8B, and 8C without undue 
experimentation once aware of the disclosure contained herein. 

According to one embodiment, the key switch modules 4 6 may 
be constructed as follows. A standard piece of epoxy-glass 
composite perforated circuit mounting board, such as board having 
0.1-inch hole spacing, available from Digi-Key Corporation, may 
be cut to create the "four hole by four hole" square base 138. 
Two right angle headers 134, such as headers having 0.1 inch 
spacing and being gold plated and being available from Digi-Key 
Corporation, may be secured with epoxy adhesive to the base 138. 
The headers may be secured such that the header pins 13 6 extend 
through the central holes in the base 138, as shown in Fig. 8A 
and Fig. 8C. 

The alignment pins 128 may be removed from the switch 124. 
One example of the switch is the ML series, normally-open, ultra - 
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low-profile key switch available from Cherry Corporation of 
Waukegan, IL. The switch contact leads 130 may be connected with 
the wires 132 to two diagonally opposed header pins at solder 
points 144A and 144B, as shown in Fig. 8C. The remaining two 
5 header pins 136 may not be connected to the switch contact leads 
130. Rather, they may be included for extra structural support 
when the key switch module 46 is connected to the matrix 42. 

The switch 124, base 138, and right angle headers 134 may be 
10 inserted into the center of the shroud 140. The foot 142 may 
then be applied to the bottom of the assembly. The components 
may be aligned such that the header pins 136 are centered in the 
circular opening of the foot 142 and the top of the key switch 
124 rises higher than the lip of the shroud 140. Once the 
15 components are aligned, the remaining space within the shroud 140 
may be filled. One example of a material that may be used to 
fill the space is epoxy, which would then need to cure. Finally, 
the key cap 12 0 may be added by inserting the key cap tabs 122 
into the corresponding holes in the key switch plunger. Fig. 8B 
20 represents a side view of the assembled key switch module 46. 

As stated above, the present invention permits switches to 
be arranged in any desired arrangement. Fig. 9 illustrates one 
possibility of this. Along these lines, Fig. 9 represents a top 
25 view showing three examples of how key switch modules 46 may be 
inserted into the pads 106. Footprint circles 146 are included 
in Fig. 9 to illustrate the approximate location of the header 
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pins beneath the key switch modules 46. 

Proper key switch module 46 placement typically requires 
that all four headers pins 136 are inserted fully into available 
5 tie points 96 of a single pad 106. The edge of the key switch 
module 46 may overlap the framing row 100, the spacer 104, the 
central divider 98, or the edge of the matrix 42. As shown in 
Fig. 9, it is even possible for the edge of the key switch module 
46 to overlap another adjacent pad 106. 

10 

Furthermore, although only a single orientation is shown, 
the key switch module 46 also may be inserted into the pad 106 in 
any of four separate orthogonal rotations. Along these lines, a 
key switch module 46 may be rotated 90, 180, or 270 degrees 

15 around its vertical axis, as compared to the arrangements shown 
in Fig. 9. Geometrical constraints prevent more than one key 
switch module 46 from being placed into the same pad 106. 
Additionally, the framing row 100, the spacer 104, and the 
central divider 98 in the embodiment shown in Fig. 9 prevent a 

20 single key switch module 46 from connecting two separate pads 
106. 

The complimentary "diagonal" wiring of the header pins 136 
and the "alternating row" wiring of the pads 106 means that 
25 however the key switch module 46 is positioned within a pad 106, 
depressing the key cap 12 0 will close a connection between two 
adjacent lines in the pad 106, connecting a row input line 108, 
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shown in Fig. 6, to a column input line 110, shown in Fig. 6. 
This design permits the matrix scanner to use the pads 106 to 
identify uniquely any activated key switch module 46 properly 
inserted into the matrix 42 . 

5 

The matrix 42 design described above and shown in Figs. 1, 
5, 6, and 9 offers many advantages. Among the advantages are 
that the design includes significantly fewer individual nodes 
that a matrix scanner 78 must monitor. The flexibility of the 

10 key switch module 46 placement for the present invention may be 
substantially similar to a pure matrix design. However, by 
dividing the matrix 42 into separate pads 106, the matrix scanner 
78 in this embodiment needs only to monitor 80 unique locations 
rather than individually monitoring all 2,800 of the open tie 

15 points 96. This allows use of readily available, and much 

slower, keyboard controller circuits, generally lowering the 
device cost and level of complexity. 

Notwithstanding the above, Fig. 9 and the above description 
20 only illustrate one possible design of a matrix 42 and key switch 
modules 46. The description and illustration do not preclude 
other possible matrix designs. Along these lines, the matrix may 
include a matrix of individual tie points, each of which are 
mapped separately by a matrix scanner. Such a design could 
25 eliminate the need for pads 106 and framing rows 100. Those of 

ordinary skill in the art could determine alternative embodiments 
of the matrix, connections, and scanner without undue 
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experimentation once aware of the disclosure contained herein. 

As discussed above, the matrix scanner 78 can monitor the 
matrix 42 and transmit key actuation data to a microcontroller 
80. One example of a microcontroller 80 that may be utilized 
with the present invention is a High-Speed Microcontroller 
Development system available from Systronix, Inc. of Salt Lake 
City, UT. However, any suitable microcontroller may be utilized. 

The microcontroller includes a microprocessor. One example 
of a microprocessor that may be utilized according to the present 
invention is a Dallas Semiconductor Corporation 80C320 clocked at 
33 MHz. Of course, any suitable microprocessor may be utilized. 

The microcontroller 80 typically includes memory for storing 
various data for operation of the device. Along these lines, the 
microprocessor may include 128 kilobytes of non-volatile random 
access memory 88 and on-board input/output (I/O) pins and program 
loader logic. The memory 88 is retained during the power-off 
state with an on board capacitor. Of course, any type and amount 
of memory may be utilized. Possible arrangements and functions 
of the memory are described in greater detail below. 

The block diagram in Fig. 10 illustrates the I/O pins 
available on the microcontroller 80. The names assigned to pins 
P1.0 through P3 . 7 correspond to the pin variable names used in 
the source code provided in Appendix A. 



The functions of the microcontroller and associated 
microprocessor and memory may be carried out by the host 
computer . 

Fig. 11 represents a schematic drawing that illustrates a 
display circuit in the form of an LCD circuit 90 and a mode 
selection and button control circuit 92. The LCD circuit 90 may 
include an interface. One example of an interface is a Hitachi 
44780 interface, configured for a two-line by sixteen-character 
LCD 48 dis^0$ : t ^^^rable from Systronix, Inc. 

The mode selection and button control circuit 92 may include 
the left button 50, the right button 52, the label button 54, the 
clear button 68, and the mode switch 56. The four buttons 
typically are all normally open momentary push buttons. Such 
buttons are available, from Digi-Key Corporation, among other 
suppliers . 

According to one embodiment, the mode switch 56 is a two- 
pole, six position rotary switch. Three positions may be locked 
out since they may not be required according to this embodiment. 

One example of such a switch is available from Radio Shack, a 
subsidiary of the Tandy Corporation of Fort Worth, Texas. 

The microcontroller 80 can send data to the LCD circuit 90 
and read data from the mode selection and button control circuit 



92 through memory -mapped I/O controlled by a programmable logic 
device (PLD) address decoder chip 148. One example of such a 
chip is available from Systronix Inc., with part number 
ATF16V8CZ-15JC . Of course, as with any component described 
5 herein, this represents just one example of a chip that may be 
utilized according to the present invention. 

The electrical schematic in Fig. 12 shows an embodiment of 
I/O circuits 82, 84, 86 and a system reset circuit 94 that may be 
included in an input device according to the present invention. 
As described previously, an input/output circuit A 82 may be 
utilized to transfer data to and from a matrix scanner 78. An 
input/output circuit B 84 may be included to transfer data to and 
from a standard keyboard 72. An input/output circuit C 86 may be 
employed to transfer data to and from a host computer 70. 

Although not included in their respective dashed boxes, each 
of the three I/O circuits may also utilize a non-inverting 
transparent latch 150 for input to the microcontroller 80. One 
20 example of such a latch is a CMOS 74HCT573 Logic Device, 

available from Radio Shack Corporation. Each of the I/O circuits 
may use the non- inverting transparent latch 150 as an input 
buffer to read the status of the clock and data lines from the 
input devices . 

25 

The I/O circuits may each use a separate three-state line 
driver 152 for output from the microcontroller 80. One example 

44 



of such a driver is a CMOS 74HCT244 Logic Device, available from 
Radio Shack Corporation. The three-state line driver 152 may be 
utilized to drive a corresponding digital clock and data lines 
low (logic zero) for output. 

5 

The system reset circuit 94 may be located inside the 
housing 40 and typically is not available to the user. The reset 
typically is used only after control software is loaded onto the 
microcontroller 80 to initiate a memory initialization routine. 
10 The "System Reset" routine of the source code listing in Appendix 
A provides more information on the memory initialization routine. 

As stated above, the hardware described above may be 
directed by a microcontroller 80. The microcontroller may 

15 execute commands of the control software stored in the memory 88, 
also referred to above. The memory 88 may be split into a block 
of 64 kilobytes of code memory 154, as shown in Fig. 13, and a 
block of 64 kilobytes of data memory 156, as shown in Fig. 14. 
Referring to Fig. 13, the code memory 154 may store a main 

20 program code 158, lookup tables 160, an interrupt one (INT1) 
vector 162, an interrupt zero (INTO) vector 164, and a reset 
vector 166. 



The main program code 158 can include all the instructions 
25 needed by the microcontroller 80 to operate a device according to 
the present invention. The instructions can include the 
interrupt service routines that retrieve data from the standard 
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keyboard 72 (via INT1) and the matrix scanner 78 (via INTO) . 
Lookup tables 160 may be used by the control software to retrieve 
from the data memory 156 data associated with a programmed pad 
106. The two interrupt vectors may redirect the program 
instruction pointer to the appropriate interrupt service routines 
whenever an interrupt is generated by activity on the matrix 
scanner 78 or the standard keyboard 72 clock lines. The reset 
vector 166 may direct the program instruction pointer to the 
start of the control software at power up or restart of the 
microcontroller 80 . 

A complete listing of an embodiment of control software 
source code that may be utilized according to the present 
invention is provided in Appendix A. The source code is a hybrid 
of BASIC and Assembly Language. BASIC is used for the overall 
program flow control and string manipulation while in-line 
Assembly language is used for speed sensitive operations. The 
source code was compiled using the BCI5i™ PRO BASIC Cross 
Compiler, Version 1.40, available from Systronix, Inc. Details 
for transferring the compiled control software to the code memory 
154 are provided with documentation associated with the Cross 
Compiler. Of course, if the functions carried out by the 
controller are accomplished by a host computer, then the 
discussion herein of the controller, memory, software and other 
associated elements does not apply. 
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Fig. 14 represents a block diagram showing an allocation of 
the data memory 156. Memory-mapped I/O addresses 168 may reside 
at the top four kilobytes of the data memory 156 and may be used 
to access the LCD circuit 90 and the mode selection and button 
5 control circuit 92. A macro buffer 170 may temporarily store 
macros as they are generated by a user until the macros are 
assigned to a particular pad 106 location. 

A data set label bank 172, may hold the strings identifying 
10 the four matrix data sets 174 available for use. The matrix data 
sets 174 can effectively provide four completely independent key 
configurations. For example, a user may use one matrix data set 
174 for a spreadsheet application and change to another matrix 
data set 174 for a word processing application. 

15 

Each of the four matrix data sets 174 can provide 126 bytes 
of storage for each pad 106 in the matrix 42. The user may use 
one of the matrix data sets 174 at a time and may change between 
them using the left button 50 and right button 52, as shown in 

20 Fig. 1 and Fig. 11. Keyboard buffer 176, matrix buffer 178, and 
send buffer 180 may each provide a 256 byte circular buffer to 
store and transfer the standard keyboard 72 data and the matrix 
scanner 78 data to the host computer 70. The bottom sixteen 
kilobytes may be reserved for variables defined in the control 

25 software . 

Flow diagrams illustrated in Figs. 15-19 present an example 
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of a general overview of an embodiment of microcontroller 80 
control software operation. It should be noted that these flow 
diagrams only portray the functions necessary to convey a broad 
understanding of one embodiment of the present invention. The 
full source code documentation, provided in Appendix A, reveals 
more detail about the control software operation according to one 
embodiment for carrying out these functions. Software functions 
not discussed in the flow diagrams shown in Figs. 15-19, but 
included in the source code, include data collision detection; 
keyboard status light operation, such as caps lock, number lock, 
and scroll lock; data storage address calculation; and memory 
coding and storage schemes. 

The flow diagram of Fig. 15 shows the start-up process of 
the microcontroller 80. At power on, the microcontroller 80 may 
dimension the system variables 182, initialize the system 
settings 184, including the display 48 and I/O ports, and enable 
the interrupts 186. Next, the microcontroller may read the 
program mode 188 indicated by the mode switch 56. The 
microcontroller 8 0 may branch to the software routine for one of 
the three possible modes, a run mode 192, shown in Fig. 17, a key 
mode 194, shown in Fig. 18, or a macro mode 196, shown in Fig. 
19. 

Two interrupts (INTO and INT1) may be utilized according to 
the present invention. Along these lines, INTO may be connected 
to the clock line of the matrix scanner 78. Additionally, INT1 
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may be connected to the clock line of the standard keyboard 72. 
When data traffic is sent from the matrix scanner 78 or the 
standard keyboard 72, triggered by a falling edge on the clock 
line, the main program execution may be paused while the program 
5 jumps to the calling interrupt service routine to process the 
interrupt . 

The flow diagram shown in Fig. 16 illustrates an embodiment 
of a process that may be followed during an interrupt service 

10 routine, or ISR 190. Each time the ISR 190 is called, another 
bit from the data traffic may be acquired and stored in a 
temporary variable. Once an entire byte of data is received, the 
value may be transferred from the temporary variable to the end 
of the appropriate circular buffer, and the temporary variable 

15 may be cleared. Data captured by INTO may be transferred to the 
matrix buffer 178. On the other hand, data captured by INT1 may 
be transferred to the keyboard buffer 176. 

The flow diagram shown in Fig. 17 illustrates an embodiment 
20 of operation of the microcontroller 80 during the run mode 192. 

The run mode 192 is the functional mode for the device. As shown 
in the diagram, the microcontroller 80 may repeatedly loop 
through the run mode routine checking the contents of the matrix 
buffer 178, the keyboard buffer 176, and the send buffer 180. 
25 During this looping process, if the user activates a key switch 
module 46 on the matrix 42, the matrix scanner 78 may transmit 
the corresponding byte to the microcontroller 80, triggering INTO 
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and pausing the run mode loop execution. Once the ISR 190 has 
received the byte and added it to the end of the matrix buffer 
178, the microcontroller 80 may resume normal program execution. 
In this manner, data may be added to the end of the circular 
5 matrix buffer 178. 

When the microcontroller 80 subsequently detects a new byte 
in the matrix buffer 178, it may transfer a previously stored 
input function, such as a single key data or macro data, to the 

10 send buffer 180. This input function may be fetched from the 

memory 8 8 and may be determined by both an active matrix data set 
174 and the pad 106 identified by this newly added byte. After 
handling the matrix buffer 178, the microcontroller 80 may 
perform a similar operation for the keyboard buffer 172. 

15 However, unlike the conversion process applied to the data in the 
matrix buffer 178, data in the keyboard buffer 172 may be relayed 
directly to the send buffer 180. 

The microcontroller 8 0 may next examine the contents of the 
20 send buffer 180. Then, the microcontroller may transfer newly 

added data from the matrix buffer 178 and/or the keyboard buffer 
172 to the host computer 70. Finally, the microcontroller 80 may 
check for a button press or a mode change before starting the 
loop again. 

25 

Using the interrupt service routines 190 and the three 
circular buffers as described allows for the simultaneous use of 
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the standard keyboard 72 with the present invention. For some 
known keyboard wedge devices, pressing and holding down a key on 
the standard keyboard 72 blocks data from being sent by the 
secondary device until the standard keyboard stopped transmitting 
5 data, that is, until the key is released. By applying interrupts 
and circular buffers, data traffic from both the standard 
keyboard 72 and the matrix scanner 78 may be detected, captured, 
multiplexed, and forwarded to the host computer 70 effectively. 

10 The flow diagram shown in Fig. 18 illustrates the operation 

of the microcontroller 80 during the key mode 194. The key mode 
194 is a programming mode for the device, allowing the user to 
program the key switch modules 46 inserted into the matrix 42 to 
operate like standard keyboard keys. For example, during the key 

15 mode 194, a user may program a key switch module 46 as the n Q" 
key of the standard keyboard 72 . 



After returning to the run mode 192, the programmed key 
switch module 46 mimics the electronic behavior of a standard "Q 

20 key. Depressing the key switch module 46 generates a "Q-key 
make-code" to be sent to the host computer 70. After a brief 
delay, holding the key switch module 46 down causes the "make 
code" to be sent repeatedly, duplicating the key repeat feature 
of the standard keyboard 72. When the key switch module 46 is 

25 released, a "Q-key break code" is sent to the host computer 70. 
The host computer 70 does not detect that the transmitted key 
input function is not generated by a standard keyboard 72. 
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The key mode 194 operation shares many similarities to the 
run mode 192 operation. However, a major difference is that no 
data typically is transmitted to the send buffer 180, or the host 
computer 70, during the key mode 194. As shown in the flowchart 
illustrated in Fig. 18, during the key mode loop, the 
microcontroller 80 may monitor the data traffic sent by the 
standard keyboard 72 and retains the value of the last key 
transmitted. Once a key switch module 46 is pressed, indicated 
by a new data appearing in the matrix buffer 178, the value of 
the last key transmitted by the standard keyboard 72 may be 
stored in the current matrix data set 174 memory location for the 
pad 106 in which the key switch module 46 is placed. The value 
of the last key transmitted and the assigned pad location may be 
displayed by display 48. 

The flow diagram shown in Fig. 19 illustrates an embodiment 
of the operation of the microcontroller 8 0 during the macro mode 
196. Like the key mode 194, the macro mode 196 is a programming 
mode for the device. However, the macro mode 196 allows the user 
to assign key macros to a key switch module 46. A macro can 
include a sequence of multiple key presses and/or other inputs 
from other computer input devices, such as a mouse, joystick, 
trackball, game controller or other input device. A difference 
between a key assignment and a macro assignment is that after 
returning to the run mode 192, a key switch module 46 may be 
programmed with a macro that mimics multiple sequential key 
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presses of a standard keyboard 72 or other input of any other 
input device. 

According to one example, instead of a single key, a macro 
5 can include a string of keys, such as "dog" . A macro can also 
initiate common control key sequences, such as the "Ctrl" + "S" 
key combination. Any other string of inputs may also be included 
in a macro. Such macros may find use in many common computer 
applications . 

10 

In each of the four matrix data sets 174, each pad 106 in 
the matrix 42 may have memory allocated for macro sequences up to 
126 bytes long. During the run mode 192, a key switch module 46 
programmed with a macro transmits the entire stored key sequence 
15 when pressed. Typically, nothing is transmitted when the key 
switch module 46 is released. 

As shown in the flow chart illustrated in Fig. 19, during 
the macro mode 196, the microcontroller 80 may monitor and store 

2 0 data traffic from a standard keyboard 7 2 through the keyboard 
buffer 176. The microcontroller 80 may continue to add the 
keyboard traffic to the recorded macro until either a key switch 
module 46 is pressed or the macro becomes too large. Once a key 
switch module 46 is pressed, which may be indicated by a new data 

25 appearing in the matrix buffer, the value of the recorded macro 
may be stored in the current matrix data set 174 memory location 
for the pad 106 in which the key switch module 46 is placed. To 
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make it easier for the user to monitor the macro as it is 
recorded, data traffic from the standard keyboard 72 may be 
transmitted to the host computer 70 during the macro mode 196. 



5 To operate a device according to the present invention, the 

device may be connected to a host computer 70 and a standard 
keyboard 72, as shown in Fig. 3. This description particularly 
applies to the embodiment shown in Figs. 1 and 2. The user may 
then arrange one or more key switch modules 46 into a desired 
10 layout on the matrix 42, as shown in Fig. 1. 

Assuming that the user has programmed the desired input 
functions for the pads 106 into which the key switch modules 46 
are inserted, the device may be set to the run mode 192 with the 

15 mode switch 56 pointing to "Run" as shown in Fig. 20A. During 
the run mode 192, a first display line 198 of display 48 may 
include a matrix data set number, or set number 202 and a matrix 
data set label, or set label 2 04. The set number 2 02 may 
communicate the currently selected matrix data set 174, numbered 

2 0 one to four. The set label 204 may be a user defined string that 
identifies the name of the current matrix data set 174. To 
change the current set label 204, a user may press the label 
button 54, type a new set label 204 using the standard keyboard 
72 letter and number keys, and then accept the change by pressing 

25 the "Enter" key on the standard keyboard 72. 

During the run mode 192, the user also may change to the 
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next or previous matrix data sets 174 using the left button 50 
and the right button 52. The ability to change the data set 174 
allows the user to assign, store, and use separate input 
functions for separate applications and key switch module 46 
5 layouts. 

Additionally during the run mode, standard keyboard 72 data 
traffic may be relayed through the device to the host computer 
70. The user may use the standard keyboard 72 in a normal 
10 manner. The user may also use the programmed key switch modules 
46 for computer input functions. 

Pressing a key switch module 46 will send the programmed 
function, whether a single key or action or macro of a plurality 

15 of actions, of the corresponding pad 106 location to the host 

computer 70. Pressing a key switch module 46 that has not been 
programmed for the current matrix data set 174 will not have any 
effect. In other words, no data will be transmitted to the host 
computer 70. The present invention permits a user to add the 

2 0 benefit of a programmable, dynamic computer input device while 
keeping the familiar standard keyboard 72. 

For the currently selected matrix data set 174, the user may 
overwrite an existing input function assignment or create a new 
25 assignment if none already exists using either the key mode 194 
or the macro mode 196. As described earlier, the key mode 194 
can assign the function of a single key to the pad 106 of a key 
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switch module 46. The macro mode 196 may assign key macros to 
the pad 106 of a key switch module 46. 

The device may be set to the key mode 194 by turning the 
5 mode switch 56 to "Key" as shown in Fig. 20B. During the key 
mode 194, the display 48 may change the display to indicate the 
current programming status of the device. The first display line 
198 may show the last key, if any, the user pressed on the 
standard keyboard 72. The second display line 200 may show the 
10 position of the pad 106 that was assigned with the last key 
detected from the standard keyboard 72. 

The pad 106 positions may be identified with an alphanumeric 
grid. In other words, columns in the matrix 42 may be labeled A 

15 through J, while rows may be labeled one through eight. To 

assign a key function, the user typically first ensures that a 
key switch module 46 is placed within the desired pad 106. Next, 
the key to be assigned is pressed on the standard keyboard 72 or 
other input device. Then, the key switch module 46 may be 

2 0 pressed to bind the detected key function to the corresponding 
pad 106. 

According to one example, a user desires to assign the 
pressing the "Q" key on a keyboard as the function to a key 
25 switch module 46 inserted in the pad 106 located at position A5 . 
First, the user may set the device to the key mode 194 with the 
mode switch 56. Next, the user may insert a key switch module 46 
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into the desired pad 106. Then, the user may press the "Q" key 
on the standard keyboard 72. This key press may be detected by 
the device and may be indicated on the first display line 198. 
Next, the user may press the key switch module 46, causing the 
5 key function to be bound to the corresponding pad 106. The 

location of the assigned pad 106 may be indicated on the second 
display line 200. This process can be repeated until all the 
desired key switch modules 4 6 are programmed. 

The device may be set to the macro mode 196 by turning the 
mode switch 56 to "Macro" as shown in Fig. 20C. The macro mode 
196 is similar to the key mode 194, except that instead of 
storing just the last key pressed on the standard keyboard 72 
and/or other input from any other computer input device, a 
sequence of one or more key presses or other inputs may be 
recorded and assigned to a single pad 106 on the matrix 42. 

During the macro mode 196, display 48 may change the display 
to indicate the current programming status of the device. The 
20 first display line 198 and the second display line 200 can show 
the current number of data bytes recorded for the current macro. 

To record a macro with the current embodiment, the user may type 
keys in a desired sequence on the standard keyboard 72 . The 
input device of the present invention can record these key 
25 sequences in the macro buffer 170, one embodiment of which is 

shown in Fig. 14, until the macro reaches maximum length. After 
reaching the maximum length, the device ceases to record any 
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further additions. The maximum length may vary, depending upon 
the embodiment . 

Once the macro has been recorded, the user may then press 
5 the desired key switch module 46 to assign the macro to a 

corresponding pad 106. The second display line 200 may then 
change to indicate the position of the pad 106 assigned with the 
macro. Once the macro has been assigned, the user may continue 
to record other macros or may return the device to the run mode 
10 192. 

During the run mode 192, a selected matrix data set 174 may 
be erased using the clear button 68. After pressing the clear 
button 68, the display 48 may display a confirmation message to 

15 prevent accidental erasure, as shown in Fig 20D. Selecting "No", 
the right button 52 in the illustrated embodiment may skip the 
erase command and return to the run mode 192. Selecting "Yes", 
the left button 50 in the illustrated embodiment, can confirm the 
erase command and clears any input functions, whether single 

20 function or macro of functions, assigned to the pads 106 for the 
selected matrix data set 174. The matrix data set label 204 may 
be changed to read "Empty" . The device may then return to the 
run mode 192. Erasing a matrix data set 174 can permit the user 
to reprogram the device easily and effectively as the need 

25 arises. 

Many alternate methods also exist for identifying or 
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programming the key switch modules 46 that may also be applied to 
the present invention. For example, the key switch modules 4 6 
may be attached to external connection wires 208 as shown in Fig. 
22. To program the key switch module, the external connection 
5 wire 208 may be removably attached to an input function post 210 
that represents a specific key or macro. According to this 
embodiment, the matrix 42 itself does not need to be scanned. 
Rather, the matrix may be used as a mechanical platform to hold 
the key switch modules 46. Only the input function posts need to 
10 be monitored to detect activity from the key switch module 46. 

Other potential matrix-switch design combinations include 
producing key switch modules 46 that contain individual network 
identifiers that are transmitted to a common matrix bus. This 
15 can allow the key switch module 46 to identify itself instead of 
relying on its position within the matrix 42. This design can 
eliminate the traditional matrix scanner by substituting an 
electrical bus mastering and monitoring circuit. 

20 According to another embodiment, lookup tables 160 and the 

matrix data sets 174 are moved to the host computer 70. In this 
embodiment, the host computer 70 assumes the task of assigning 
the programmable functions of individual matrix positions after 
receiving static functions from the device in response to switch 

2 5 activation. Using a host computer to re-assign functions to 

specific keys of the standard keyboard is well known in the art. 
Although this embodiment may require a modification to the host 
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computer 70, such as changing the key map configuration, it may 
result in a less complicated design of the hardware and software 
of the present invention. 

5 The host computer 70 may also provide a means to assign, 

store, and transfer key map configurations for the present 
invention. While the present invention may include a means for 
programming the device using the standard keyboard 72, this 
programming method may be augmented or replaced with software 
10 running on the host computer that allows users to select a 

function for a particular key position. That information could 
then be transferred to a device according to the present 
invention. The transfer could be accomplished by any means, such 
as by using a serial, parallel, USB, IR, or other connection. 

15 

The present invention may include a bypass circuit to permit 
a standard keyboard 72 or other input device to remain connected 
and operational when the present invention is not powered. Fig. 
25 illustrates one possible embodiment of a bypass circuit 214 
20 that may be utilized with the present invention. Of course, if 
the present invention is not connected between a keyboard and a 
host computer, then such a circuit may not be necessary. 

Without a bypass circuit, keyboard traffic, for example, may 
2 5 not be relayed to a host computer 7 0 when the device according to 
the present invention is turned off. The embodiment of the 
bypass circuit 214 shown in Fig. 25 includes four reed relays 216 
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to connect the standard keyboard 72 directly to the host computer 
70 automatically when power is removed from the device. When the 
power is switched on, the reed relays 216 reconnect the standard 
keyboard 72 and the host computer 70 to the appropriate I/O 
5 circuits as described in the basic embodiment. 

Fig. 27 illustrates an embodiment of a system according to 
the present invention that includes wireless communication 
between elements of the system. Along these lines, Fig. 27 
10 illustrates a plurality of switches 226 that utilize wireless 

communication techniques, such as radio frequency and/or infrared 
transmission to indicate their activation status to a receiving 
unit 228. Any wireless communication protocol may be utilized. 

15 An attachable backing included on the wireless switches 226 

can permit a user to removably or permanently attach individual 
switches to a variety of useful locations. Any attachable 
backing could be utilized. Along these lines, one or more 
adhesives, suction, or magnets may be utilized. Surfaces that 

20 the at least one switch could be attached to include a monitor 
23 0; case of a computer, including host computer 70; a desk or 
other work surface 232; a computer keyboard, including the 
standard keyboard 72; a switch tray or platform 234; a chair (not 
shown) ; a computer mouse 236; and a printer (not shown) . Any 

25 other surface may also be utilized. 

In view of the disclosure contained herein, the present 
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comfortable computer input device for many common applications. 
In addition to the dynamic positioning of individual keys, the 
invention can rely on standard interface protocols, thereby 
eliminating the needs for special software drivers to be 
installed on the host computer. Furthermore, the device can 
operate in conjunction with standard input devices, such that a 
user may continue to use these standard devices in a normal 
manner . 

The foregoing description of the invention illustrates and 
describes the present invention. Additionally, the disclosure 
shows and describes only the preferred embodiments of the 
invention, but as aforementioned, it is to be understood that the 
invention is capable of use in various other combinations, 
modifications, and environments and is capable of changes or 
modifications within the scope of the inventive concept as 
expressed herein, commensurate with the above teachings, and/or 
the skill or knowledge of the relevant art. The embodiments 
described hereinabove are further intended to explain best modes 
known of practicing the invention and to enable others skilled in 
the art to utilize the invention in such, or other, embodiments 
and with the various modifications required by the particular 
applications or uses of the invention. Accordingly, the 
description is not intended to limit the invention to the form 
disclosed herein. Also, it is intended that the appended claims 
be construed to include alternative embodiments. 
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